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1584Objective: The incidence of stroke in patients undergoing coronary artery bypass grafting increases sharply in
the face of significant atherosclerotic disease of the ascending aorta. We use a technique that allows full revas-
cularization for this cohort of patients, while minimizing cerebral embolic risk.
Methods: Intraoperative epiaortic ultrasound was used to screen for moderate or severe atherosclerotic disease
of the ascending aorta and to precisely identify safe areas for cannulation and proximal anastomoses. By using
a mildly hypothermic fibrillating technique, distal revascularization was then performed without clamping the
aorta. Proximal anastomoses were accomplished under brief periods of circulatory arrest.
Results:We routinely use this technique and examined our results in 71 consecutive patients found to have grade
3 or greater atherosclerotic plaque of the ascending aorta. This represented approximately 10.0% of our total
population who underwent coronary artery bypass grafting over a 32-month period from January 2007 to Sep-
tember 2009. One patient (1.4%) had a mild stroke that resolved, and there were no other neurologic compli-
cations.
Conclusions:We have found that clampless fibrillating heart surgery with circulatory arrest for proximal anas-
tomoses is a safe and effective technique for revascularizing patients with significant ascending aortic disease
who are at high risk for cerebral embolic complications. (J Thorac Cardiovasc Surg 2013;145:1584-8)The incidence of stroke in patients undergoing routine cor-
onary artery bypass grafting (CABG) is reported to be
1.5%, most commonly as a result of ascending aortic em-
bolic phenomena. However, in the presence of significant
ascending aortic atheromatous disease, this number has
been shown to range from 9% to 15% or greater.1-6 This
sharp increase in neurologic complications with ascending
aortic disease represents a devastation for patients and is
an increasing problem as older patients with greater
comorbidities undergo operations. Numerous studies from
centers worldwide have documented that stroke risk after
coronary surgery is directly proportional to the
atheromatous burden of the ascending aorta.1-6 These
reports suggest that the most important element in
preventing strokes in this population is avoiding
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The Journal of Thoracic and Cardiovascular Sursurgery has been suggested as a solution but still often re-
quires manipulation of the ascending aorta for proximal
anastomoses or, possibly, incomplete revascularization. At
Good Samaritan Regional Medical Center, intraoperative
epiaortic ultrasound is used routinely to screen for moderate
or severe atherosclerotic disease of the ascending aorta and
to precisely identify safe areas for cannulation and proximal
anastomoses. In patients with grade 3 or greater ascending
aortic plaque, we then use cardiopulmonary bypass and
brief episodes of circulatory arrest to perform CABG with-
out clamping the aorta. This technique can provide full re-
vascularization while minimizing cerebral embolic risk.PATIENTS AND METHODS
After obtaining institutional review board exemption, we reviewed the
records of 686 patients undergoing first-time isolated CABG from January
2007 to September 2009. Of these, 71 patients were found to have grade 3
or greater atherosclerotic plaque of the ascending aorta during routine in-
traoperative epiaortic ultrasound examination. There are numerous grading
systems proposed for aortic atheroma evaluated by echocardiogram. We
follow the grading system proposed by Katz and colleagues4 (Table 1). Ep-
iaortic ultrasound also served to precisely identify safe areas for cannula-
tion and proximal anastomoses.
We routinely perform CABG using mildly hypothermic (30C-32C)
noncardioplegic myocardial preservation with elective ventricular fibrilla-
tion. This technique, although not common, has been published and docu-
mented to provide excellent patient outcomes by several well-known
sources.7-10 Distal anastomoses are constructed with intermittent aortic
crossclamping or local vessel control. Proximal anastomoses are
routinely performed with a partial side-biting clamp after epiaortic ultra-
sound demonstrates no significant atheromatous disease of the ascending
aorta. For the 71 patients found to have grade 3 or greater atheromatousgery c June 2013
Abbreviations and Acronyms
CABG ¼ coronary artery bypass grafting
HCA ¼ hypothermic circulatory arrest
OPCAB ¼ off-pump coronary artery bypass
Salenger et al Acquired Cardiovascular Diseaseplaque in the ascending aorta, no crossclamp or partial clamp was placed.
Distal anastomoses were constructed with local vessel control, and proxi-
mal anastomoses were then constructed under brief periods of circulatory
arrest at a temperature of 30C to 32C.Mean arrest timewas 5 minutes per
anastomosis. If more than 1 proximal anastomosis was needed, staged in-
termittent periods of circulatory arrest were used. In no case were more
than 2 brief episodes of circulatory arrest performed. If necessary, sequen-
tial grafts, or Y-grafting was used to achieve complete revascularization.
Datawere analyzed using SAS version 9.2 (SAS Institute Inc, Cary, NC)
and the Patient Analysis and Tracking System software program, version
6.0 (Axis Clinical Software Inc, Portland, Ore). Group differences between
study variables were examined using 2-sample t tests (continuous vari-
ables) and Fisher exact test (categoric variables) methods. Multivariable
log-normal plots were used to assess underlying normality and heteroske-
dasticity of the data. When appropriate, a normalizing or variance stabiliz-
ing transformation was applied to the data. Statistical tests were 2-sided.A
C
DRESULTS
Patients requiring circulatory arrest were found to be sta-
tistically significantly older and more likely to have periph-
eral arterial disease, hypertension, and chronic obstructive
pulmonary disease (Table 2). Of note, the number of pa-
tients with a history of cerebrovascular disease was similar
for both the hypothermic circulatory arrest (HCA) and non-
HCA groups, 15% versus 11%.
The operative details for patients who underwent circula-
tory arrest compared with all other patients who underwent
coronary bypass are listed in Table 3. The mean number of
grafts performed per patient was 3  0.1 for both the HCA
group and the general CABG group. In the HCA group, all
major vessels that we intended to graft on the basis of the
preoperative coronary angiogram were successfully
grafted. Table 4 compares the operative outcomes for the
2 groups. There were 2 mortalities in the HCA group
(3%) that were unrelated to the circulatory arrest technique.
One patient was an 80-year-old man with an ejection frac-
tion of 15% who was taken to the operating room on an
emergency basis during a ST-segment elevation myocardial
infarction and who experienced persistent cardiac failure
postoperatively. The other patient died of cardiac tampo-
nade after removal of pacing wires. He died despite emer-
gency bedside reexploration. The mortality for patients
undergoing CABGwho required HCAwas nonsignificantly
higher than in the non-HCA group (2.82% vs 0.98%).
There was 1 nondisabling stroke in the HCA group
(1.5%) and 1 nondisabling stroke in the non-HCA group
(0.2%). There were no transient ischemic attacks in the
HCA group and 1 transient ischemic attack in the non-
HCA group. The neurologic deficit for the patient in theThe Journal of Thoracic and CarHCA group who experienced a stroke consisted of mild
right upper-extremity weakness, which resolved completely
shortly after discharge. Reexploration for bleeding was 3%,
which was higher than for the non-HCA population (0.7%).
However, this result was not statistically significant. All
other complication rates were low and did not differ from
the overall CABG population.
DISCUSSION
Our series suggests that the fibrillating technique with
brief episodes of circulatory arrest for proximal anastomo-
ses is a safe alternative for performing coronary surgery in
patients with significant atherosclerotic disease of the as-
cending aorta. Our stroke rate of 1.4% compares favorably
with the literature, which reports a 9% to 15% incidence of
postoperative strokes for this high-risk group. Magnetic res-
onance imaging in our patient who had a stroke revealed
a small left pontine infarct. An embolic cause could not
be excluded, and this underscores that our technique likely
reduces, but does not eliminate, the embolic risk in these
hostile aortas. Minimizing stroke risk is critical for surgeons
to maintain excellent outcomes and is a key factor in coun-
seling patients who may have an option between percutane-
ous coronary intervention and CABG. Cardiac surgeons
face the challenge of performing revascularization in pro-
gressively older patients with increasing atheromatous bur-
den without releasing cerebral emboli. Standard techniques
for performing CABG, with cardioplegia and aortic cross-
clamping, expose these patients to a high risk of neurologic
injury.
One of the fundamental concepts behind our technique is
that of screening for diseased portions of the ascending
aorta and then avoiding manipulation of those areas to de-
crease stroke rates. Other groups have investigated varied
methods of identifying high-risk aortas. Methods such as in-
traoperative digital palpation or selective ultrasound based
on preoperative patient risk factors, however, have been
shown to be inadequate for identifying all ascending aortic
atheroma.4,5,11-15 Preoperative computed axial tomography
scanning has been used to screen for potential embolic
material in the ascending aorta but may be limited to
identifying calcified plaques.11 In our experience, some of
the most advanced atheromatous disease is soft and noncal-
cified. This plaque is easily demonstrated and graded with
intraoperative epiaortic ultrasound (Figure 1). Because
other methods have failed to reliably rule out ascending aor-
tic atheroma, we think that screening each patient’s aorta
with epiaortic ultrasound in the operating room is essential.
According to Kouchoukos and colleagues,16 simplymod-
ifying the locations of the crossclamp and sites for proximal
anastomoses after identifying aortic atheroma still results in
a significant stroke rate.16 This is likely due to the large area
of aorta, which is directly or indirectly affected by the aortic
crossclamp. Historically, multiple other options have beendiovascular Surgery c Volume 145, Number 6 1585
TABLE 3. Operative details
Operative characteristics
HCA
n ¼ 71
mean ± SD
No HCA
n ¼ 615
mean ± SD
Post hoc
significance*
No. of distal arteries 2.9  0.1 2.9  0.1 NS
HCA time (mean min) 5  1.0 — —
CPB time (mean min) 121  42 120  38 NS
Crossclamp time (mean min) — 16  11 —
HCA, Hypothermic circulatory arrest; SD, standard deviation;CPB, cardiopulmonary
bypass; NS, not significant. *Two-sample t test for continuous variables; Fisher exact
test for noncontinuous variables. NS ¼ P  .10.
TABLE 1. Grading system for aortic atheroma
Grade Description
I Normal to mild intimal thickening
II Severe intimal thickening without protruding atheroma
III Atheroma protruding<5 mm into lumen
IV Atheroma protruding 5 mm into lumen
V Any thickness with mobile component
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Dproposed. The technique of aortic endarterectomy has been
evaluated and proven ineffective in decreasing neurologic
complications.17 For the most severely diseased ascending
aorta, Rokkas and Kouchoukos17 have performed ascending
aortic replacement with acceptable results. However, even
with this technique, the stroke rate was 4.9% and the mor-
tality rate was 8.6%.
A more recent approach used by some has been off-pump
coronary artery bypass (OPCAB) with all arterial revascu-
larization and no proximal anastomoses. A series of 41 pa-
tients with severe atherosclerotic aortic disease treated in
this manner was published.18 None of these patients experi-
enced perioperative neurologic complications, and the mor-
tality was 2.4%. Unfortunately, the number of grafts per
patient was 1.6, andmany patients were incompletely revas-
cularized. The group from the Montreal Heart Institute also
published a report on a series of patients with no strokes
who were treated with a no-touch, off-pump technique.
However, the authors did not limit their use of this technique
to a cohort of patients with significant ascending aortic ath-
eroma.19 Questions regarding the long-term patency, com-
pleteness of revascularization, and discomfort of many
surgeons with off-pump techniques may limit the applica-
bility of this approach. Also, patients with hostile ascending
aortas commonly have poor distal targets, which make them
incrementally more difficult to revascularize off-pump.
On-pump beating heart surgery allows surgeons to per-
form distal anastomoses easily. Similar to off-pump surgery,
this approach avoids an aortic crossclamp but still requiresTABLE 2. Preoperative characteristics
Characteristics
HCA
n ¼ 71
n (%)
NO HCA
n ¼ 615
n (%)
Post hoc
significance*
Age (mean y) 72  7.9 65  10 x
Congestive heart failure 18 (25) 98 (16) y
Left main disease 34 (48) 240 (39) NS
Hypertension 62 (87) 466 (76) z
Diabetes mellitus 33 (46) 247 (40) NS
COPD 22 (31) 103 (17) x
PAD 27 (38) 94 (15) x
Cerebrovascular disease 11 (16) 65 (11) NS
Creatinine 1.1  0.5 1.2  0.9 NS
HCA, Hypothermic circulatory arrest;COPD, chronic obstructive pulmonary disease;
PAD, peripheral arterial disease; NS, not significant. *Two-sample t test for continu-
ous variables; Fisher exact test for noncontinuous variables. yP  .10. zP  .05.
xP  .01. NS ¼ P  .10.
1586 The Journal of Thoracic and Cardiovascular Sura solution for constructing proximal anastomoses. Using bi-
lateral pedicled internal thoracic arteries is sometimes a so-
lution but not always technically feasible depending on the
patient’s anatomy. In addition, whether harvesting both
internal thoracic arteries in certain subsets of patients is
advisable remains controversial. We minimize the use of
Y-grafting with the left internal thoracic artery as the sole
source of inflow because of technical complexity, as well
as concerns regarding long-term patency and adequacy of
flow.20-23 For surgeons who routinely use the Y-graft
technique with good results, however, this may prove to
be an acceptable option.24,25
One aspect of off-pump surgery that may allow safe prox-
imal anastomosis construction is the HEARTSTRING
Proximal Seal System (MAQUET Cardiovascular, Wayne,
NJ). Hilker and colleagues26 reported on 412 consecutive
patients undergoing 542 proximal anastomoses with the
HEARTSTRING device during OPCAB. Their stroke rate
was only 0.48%. In addition, Emmert and colleagues27
showed a lower incidence of stroke using OPCAB and the
HEARTSTRING device compared with on-pump coronary
surgery or OPCAB with partial clamping of the aorta. Un-
fortunately, both studies relied on digital palpation, not epi-
aortic ultrasound, to assess ascending aortic atheromatous
disease. Therefore, the true severity of ascending aortic dis-
ease was unknown. In addition, the report from Emmert andTABLE 4. Complications
Complications
HCA
n ¼ 71
n (%)
NO HCA
n ¼ 615
n (%)
Post hoc
significance*
Myocardial infarction 0 0 NS
30-d mortality 2 (2.8) 6 (1) NS
Cerebrovascular attack 1 (1.4) 3 (0.5) NS
Transient ischemic attack 0 1 (0.2) NS
Reoperative bleeding 2 (2.8) 4 (0.7) NS
Prolonged mechanical ventilation 8 (11.3) 49 (8) NS
Mediastinitis 0 1 (0.2) NS
Renal failure 0 5 (0.8) NS
ICU length of stay (mean h) 82  50 80  77 NS
HCA, Hypothermic circulatory arrest; ICU, intensive care unit; NS, not significant.
*Two-sample t test for continuous variables; Fisher exact test for noncontinuous vari-
ables. NS ¼ P  .10.
gery c June 2013
FIGURE 1. Intraoperative epiaortic sonography of the ascending aorta re-
vealing grade 4 atherosclerotic plaque.
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for different operative strategies on the basis of personal
judgment. In this nonrandomized review, every outcome an-
alyzed was superior in the OPCAB group. This is not con-
sistent with randomized trials of off-pump versus on-pump
surgery and raises the question as to whether the surgeons
performing off-pump surgery just have better results at
this center.27 The HEARTSTRING device may prove to
be a useful option because it avoids aortic clamping, can
be used in the diseased aorta, and does not require circula-
tory arrest.28 Using this anastomotic device does incur an
extra cost of approximately $500 per anastomosis. In addi-
tion, the question remains whether deploying this device in-
side a severely diseased aorta will liberate embolic debris.
Future studies, specifically in patients with high aortic ath-
eromatous burden, may help clarify this issue.
We believe that our approach to patients with moderate to
severe atheromatous disease of the ascending aorta is a safe
option that allows complete revascularization with minimal
embolic risk. If no safe area can be found for cannulation,
axillary cannulation can be used. With the placement of
a left ventricular vent and local vessel control, fibrillating
coronary surgery is similar to the operating conditions
with which most surgeons are familiar. The ischemic time
for the myocardium of 5 minutes during circulatory arrest
is less than most ischemic intervals, during intermittent
crossclamping, using the noncardioplegic technique. In
fact, several well-known surgeons have described a similar
approach to the hostile aorta with outstanding results.7-9 As
with any technique, there are several technical points that
must be emphasized to ensure the safe conduct of
fibrillating heart surgery. These include adequate venting,
caution in patients with aortic insufficiency, and
avoidance of intracardiac air. Adequate venting is
routinely accomplished with a left ventricular vent placed
via the right superior pulmonary vein. This technique has
been described in detail.10 Patients with significant aorticThe Journal of Thoracic and Carinsufficiency can pose a challenge, and a balance must be
struck between adequate left ventricular venting and main-
tenance of adequate forward flow.We believe that most sur-
geons already possess the skills to perform the
noncardioplegic, fibrillating technique without compromis-
ing patient outcomes or long-term graft patency.
Study Limitations
Limitations of this study include those inherent to any
single-center retrospective analysis. We did not have
a true control group because all patients with significant as-
cending aortic atheromatous disease were treated without
clamping the aorta. In addition, this is a relatively small co-
hort of patients, and the overall stroke rate for patients un-
dergoing CABG is known to be low. Given the historic
increased incidence of neurologic complications for pa-
tients with ascending aortic disease, however, we think
that the low stroke rate we achieved is likely significant.
Also, we did not routinely have patients examined postop-
eratively by a neurologist nor was neurocognitive testing
or magnetic resonance imaging performed. Any significant
neurologic deficit, however, did trigger a neurology consult
and further diagnostic imaging. We cannot rule out the pos-
sibility that our stroke rate was low because a disproportion-
ate number of patients harbored grade III plaque versus
more severe disease. Our original database did not allow
us to subdivide groups on the basis of grade III, IV, or V pla-
que. We have since modified our data collection but do not
have sufficient numbers to render meaningful analysis of
these subgroups. Follow-up analysis should help clarify
this question.We also only report data from the first 30 post-
operative days. Longer-term neurologic outcomes may pro-
vide additional insights.
CONCLUSIONS
This review does suggest that clampless fibrillating heart
surgery with circulatory arrest for proximal anastomoses is
a safe and effective technique for revascularizing patients
with significant ascending aortic disease who are otherwise
at high risk for cerebral embolic complications.
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